I. Introduction
In process industries shell and tube heat exchangers are widely used due to large ratio of heat transfer area to volume and weight. Heat transfer between fluid flowing inside and outside is due to the tube of the heat exchanger. Tube is the basic component of heat exchanger enclosed with shell. Shell and tube heat exchangers are able to operate with wide temperature, vibrations, internal pressure and aggressive corrosion environment. Due to this the shell is stressed under axial pressure, thermal load and vibrations. These extreme working conditions cause the expansion and contraction of shell. Increasing the expansion and contraction leads the chances of shell failure.
An expansion joint is used in STHE in order to counterbalance the deformation. Generally metal bellows are used as an expansion joint in STHE. Metal bellows have large area of application in air conditioning equipment, industrial plants, hose pipes, vacuum systems, aerospace equipment etc. Selection of proper material, design and manufacturing methods are used to achieve highly flexible and high strength bellows. Bellows having capability to deal with combined effect of vibrations, thermal expansion, angular, radial, and axial displacements of the system. To resist the pressure and accept the deflections bellows must be designed circumferentially strong and longitudinally flexible respectively.
Generally forming, bulging and drawing process are used to manufacture the metal bellows. Stainless steel is commonly used material but in some special applications Inconel and aluminum are used. The bellows may have different shapes like U-shaped, semi-toroidal, toroidal, S-shaped, flat, stepped, single sweep, and nested ripple. For designing new bellows basic parameters and those effects must be taken into considerations such as, vibration effect, joints of 6bellows, thermal stresses, flow analysis, fatigue life, selection of materials and shapes etc. Bellows are designed as per the Standards of Expansion Joint Manufactures Association, EJMA [2] . Shaikh, et al. [3] had investigated the failure of an AM350 steel bellows. For that purpose these bellows were used in the controlled rod drive mechanism of the fast breeder test reactor and an experimental work had conducted. Broman et al. [4] recommended I-DEAS software for the simulation of the metal expansion bellows. They proposed that the method will work in any software in which some of the parameters can be set by the user to optimize with respect to overall design parameters. Li [5] had found the effect of the stresses of elliptic degree of Ω-shaped bellows with ideal and elliptic toroids under internal pressure or deflection, and evaluated the state of stress distribution. The designed stress result of Ω-shaped bellows shows that the elliptic degree of Ω-shaped toroid affects the magnitude of the induced stress and axial deflection-induced stress. Broman et al. [4] have determined dynamic characteristics of bellows by manipulating certain parameters of the beam finite elements, Jakubauskas and Werner [6] have considered the transverse vibrations of fluid-filled double-bellows expansion joints. Jha, et al. [7] have investigated the stress corrosion cracking of stainless steel bellows of satellite launch vehicle propellant tank assembly. Zhu et al. [8] have investigated the effect of environmental medium on fatigue life for U-shaped bellows expansion joints. Gawande et al. [9] have carried out extensive analytical and numerical study to calculate the different characteristics of stresses due to internal pressure varying from 1MPa to 2MPa in U-shaped bellows. Finite element analysis by using ANSYS 14 is performed to find characteristics of U-shaped metal expansion bellows. Gawande et al. [1] have developed the mathematical model for axial natural frequency of bellows, He has performed the numerical and modal analysis for natural frequency of axial vibration of metal expansion bellows and compare the analytical results with experimental results. From the literature survey, it is seen that number of researchers have worked on study and applications of different types of bellows under various working conditions, their comparison, manufacturing processes and few are working on fatigue life enhancement [9] . But investigations on need for selection of proper material of bellow for given application, their proper design, stresses induced, fatigue life analysis, prediction of failure, investigations on various characteristics of different bellows and vibration effect is essential. As per industrial survey, there is probability of failure of bellows are due to flow induced vibrations. Hence detailed investigations of the effect of flow induced vibration on dynamic characteristic of metal expansion bellows are necessary. In current scenario researchers are work on enhancement of life of bellows. If reduction in bellows failure possibilities due to vibration is executed then there is ultimate chance to enhance the life of bellow.
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II. Problem Formulation And Objective Of Research
As per industrial survey it is seen that bellows are most important element in heat expansion joint. It has the function to absorb regular and irregular expansion and contraction in the system. As the bellows performed in extreme working conditions, there are possibilities of bellows failure due to high stresses, vibration, fatigue etc. As per discussion with experts working in the same field, it is observed that concept of the study in this papers needs detailed understanding of vibration effects and natural frequency of vibration. The work in this paper is based on vibration effect and investigation of numerical and modal analysis of axial natural frequency of vibration. Hence this work focuses on selection of materials of bellows for the given application, their proper design, and determination of effect of vibration on dynamic characteristics of metal expansion bellows. In this research work the basic parameters taken into consideration are the flow induced vibration and the natural frequency of vibration.
III. Basic Terminology
The basic terminologies as per the EJMA standard, the following terms has to be considered while designing new bellows. The maximum and minimum design, operating and installation temperatures should be accurately stated. In situations where the ambient temperature is expected to vary significantly during pipe line construction, special care in expansion joint positioning may be necessary.. 5. Design Pressure: The system design pressure, operating pressure and test pressure should be specified realistically without the addition of arbitrary safety factors, because this practice necessitates greater bellows material thickness to withstand the above stated pressures. For standard metal expansion joints the PN (nominal pressure) factor can be defined as the allowed positive operating pressure at room temperature. 6. Design Allowable stress: This is the allowable stress for the bellows material at the bellows design temperature. 7. Modulus of elasticity at Design temperature: This is the modulus of elasticity of the bellow material at the design temperature which is used to calculate spring rate and columns squirm pressure. 8. Modulus of elasticity at ambient temperature: The room temperature modulus of elasticity is used to calculate the deflection stresses.
IV. Mathematical Model For Natural Frequency Of Bellows
In this work bellow is considered as a long continuous rod or a long pipe having an elemental mass "m" and elemental stiffness "Ks". According to Timoshenko beam theory a general solution for the natural frequency is determined. Further bellows with two end conditions are considered in this work, first one is the bellows with one end fixed and other free, second on is bellow with both end fixed.
Consider a beam or a straight pipe of length "L" of a constant cross sectional area "A" as shown in the Fig.4 . as per Gawande et al. [1] . Now consider an elemental length dx at a distance "x" from one end of the pipe as shown in the Fig.4 .1. The axial load acted at a distance (x+dx) in the opposite direction to "P" is  The Axial strain in rod;
The axial strain at the elemental length;
The differential equation to express the axial vibration for the straight pipe can be given by, [5] 
Assuming the boundary condition as; One end of the pipe is fixed i.e. x=0 and displacement u(0,t)=0 Applying boundary condition 1 in equation (9) 
The term L/a can be further simplified as;
Where G is the weight of the pipe in N, P is the applied axial force in N, and n K is the Axial spring rate of the pipe in N/mm.
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Substituting the value of equation (9) in equation (8) 
The axial natural frequencies of the bellows can be calculated by using the above equation with different end conditions. 
Condition 1: One end of the bellows is fixed and other end free
V. Numerical Analysis
MATLAB software is selected to perform numerical analysis of metal expansion bellows. In accordance with the mathematical model MATLAB codes are generated in MATLAB editor window. The program generation is done in the MATLAB editor window. First the material properties of the bellows like modulus of elasticity, density, specific weight and poisson"s ratio etc., are assign. Then the dimensions of bellows like the outer diameter, number of convolutions, pitch and thickness are assigning. After that the final equations obtained from the mathematical model with different condition are provided and finally program run is executed, which lastly plots the required axial natural frequencies of the bellows. For the simulation SA-240 321 material is selected. In this present analysis, a U-shaped bellow is selected as shown in Fig.1 . The value of axial spring rate (Kn) for bellow is calculated according to the EJMA standard equations. The bellows having geometrical parameters such as; Table 5 .1 Bellows Geometrical Parameters Using equation (9), (12) and (13) natural frequencies are obtained according to the boundary conditions. Table 5 .4 and Fig. 5 .2 (a) and (b) shows the natural frequencies of bellow with one end fixed and other end free condition for 6 and 7 convolution bellows respectively. A series of MATLAB programs is executed, according to the mathematical relations from equation (6), (9) and (10) Fig. 5.2 Natural frequency of bellow with 6 and 7 convolutions for bellows with one end fixed and other end free condition Table 5 .5 and Fig. 5 .3 (a) and (b) shows the natural frequencies of bellow with both end fixed condition for 6 and 7convolution bellows respectively. A series of MATLAB programs is executed, according to the mathematical relations from equation (6), (9) and (10) and varying the parameter "n" (numbers of convolutions), natural frequencies are found. For this boundary condition the range of frequencies lies from 1792.89-4324.02 Hz for the number of convolutions n=6 and 1829.86-4025.70 Hz for the number of convolutions n=7 
VI. Modal Analysis
Modal analysis is used to determine the vibration characteristics of a structure, namely the natural frequencies and the mode shapes of the structure. The natural frequencies and mode shapes are important parameters in the design of a structure for dynamic loading conditions which determined by the inherent characteristics and the materials of a structure. In order to perform modal analysis, a solid model of metal expansion bellows is generated in NX8 software and then transferred to .iges format. Then the geometry is imported to ANSYS R15.0 Workbench
Procedure for Modal analysis
Numerical simulation is followed by three stages; pre-processing, solution, post-processing as shown in the Fig.5.1 . In pre-processing stage modeling, defining material properties like young"s modulus, poisson"s ratio, density etc. and meshing is done. In this first stage solid model bellows has to create in iges format and imported to the ANSYS workbench and the material properties are provided by using the project and editor window. In this work the mesh generation with a fine meshing is carry out. Second stage involves applying the boundary conditions on the model and generating the solution. In the second stage the bellows with one end fixed and one end free condition and both end fixed condition are used as boundary conditions. And solutions are generated. In post-processing the modal analysis was carried out and results are plotted. In this stage the modal solutions with modal frequencies and mode shapes are generated. Table 6 .2 shows the modal frequencies of bellows with one end fixed and one end free condition for 6 and 7 convolution bellows respectively. The analysis results are as shown in The analysis results are as shown in Fig 6. 3 (a) and (b) for 6 and 7 convolution bellows with both end fixed condition respectively. 
Mode shapes of bellows with one end fixed and other end free condition
VII. Results And Discussion
Comparison of results of numerical and modal analysis performed in MATLAB and ANSYS software, for 6 and 7 convolution bellows with one end fixed and other end free condition and with both end fixed condition are tabulated. Table 7 .1 and 7.2 shows the axial frequency range for both conditions. Fig 7. 1 shows the comparison of frequencies. Modal analysis is done for safety of bellows and prevention of fatigue failure Fig 7.1 shows the mode shapes of bellows. From observations it is clear that maximum deformation occurs at the convolutions. If shorter piping systems are used in process industries, then the bellows are welded to the ends of pipes. As per research work, natural frequency at bellows with both end fixed condition is high as compare to one end fixed other end free condition. Hence the design engineer has to maintain the flow rate of the fluid to reduce the natural frequency of vibration. 
Numerical and Analytical Investigation on the Effect of Dynamic
VIII. Conclusion
It is concluded that,  Natural frequency of vibration decreases with increase in number of convolutions of bellows.  To maintain the flow rate of fluid, the design engineer has to increase the number of convolutions of bellows.  Result shows that there is a close match between numerical and modal analysis of 6 and 7 convolution bellows with considered boundary conditions.  The approach proposed in this research work for finding natural frequency of vibration is correct and is suitable to use for other applications.  The axial natural frequency of 6 th mode for bellows with both end fixed is higher than the bellows with one end fixed and other end free.
 To avoid the failure of bellows and to enhance the fatigue life of bellows, the approach proposed in this research work is significant.
